The in-hospital spread of automated external defibrillators (AEDs) is aimed to allow for a shock-delivery within three minutes. However, it has to be questioned if the implementation of AED alone really contributes to a 'heart-safe hospital'. We performed a cohort study of 1008 in-hospital emergency calls in a university tertiary care hospital, analysing cardiopulmonary resuscitation (CPR) cases with and without AED use. In total, 484 patients (48%) had cardiac arrest and received CPR. Response time of the emergency team was 4.3 ± 4.0 minutes. Only 8% percent of the CPR cases had a shockable rhythm. In three of 43 placements a shock was delivered by the AED. There were no differences in survival between patients with CPR only and CPR with AED use. Our data do not support the use of an AED for in-hospital CPR if a professional response team is rapidly available.
Soon after the introduction of electrical defibrillation into medicine it became obvious that cardiac arrest in patients with ventricular fibrillation (VF) can be best reversed at an early stage. Return of spontaneous circulation (ROSC) as well as neurological outcome can be improved if stable haemodynamics are restored as soon as possible 1, 2 . Numerous attempts have been made to optimise resuscitation techniques and strategies. It was recently shown that compression with a mechanical device in the out-of-hospital setting had no influence on outcome after cardiac arrest 3 . Additionally, extensive efforts have been made to shorten the time between cardiac arrest and initial defibrillation 4 . These efforts include education of the general public, first responder concepts and the availability of automated external defibrillators (AEDs) in public areas.
However, both survival and neurological outcome are still unsatisfactory, and it remains unclear to what extent these concepts contribute to further improvement of outcome after cardiac arrest. As with out-of-hospital cardiac arrest, survival rates after in-hospital cardiopulmonary resuscitation (CPR) remain low 5 . Accordingly, AEDs are also part of in-hospital emergency strategies, their purpose being to reduce time to defibrillation. However, it is still questionable whether the implementation of automated defibrillation in hospitals improves the survival rate 6 . Despite the lack of clinical data supporting the efficacy of in-hospital AED, its use seems to be widespread. It should be asked whether the implementation of AED alone really contributes to a more 'heart-safe hospital' as suggested. In this study we analysed data on in-hospital cardiopulmonary resuscitation (CPR) after implementation of an in-hospital emergency concept including AED in a university tertiary care hospital.
Methods
In-hospital CPR at the University Hospital of Leipzig is provided around the clock by a team from the surgical ICU with an anaesthesiologist and a specialist ICU nurse. The CPR team covers all general wards for adult patients except for intensive care units, emergency wards and the cardiac catheterisation laboratory. Since 2007 a comprehensive in-hospital CPR concept including provision of AED has been implemented. The CPR team consists of an ICU specialist/ anaesthetist and an ICU nurse and carries complete emergency equipment including a biphasic defibrillator. All nurses of the University hospital are regularly trained (two hours every two years) by members of the CPR team in basic life support, including early application of an AED; all physicians are trained at the start of their employment. The training concept aims to connect initial response by the ward personnel with the advanced measures of the CPR team. For all 51 wards with 1,350 beds, 105 different AEDs (LIFEPAK® 12, 20, 500, and 1000; Physio-Control, Germany) are available. In 2009 a reconstruction of all internal wards reduced the distance between these wards and the ICU, where the CPR team is located.
For this analysis all emergency calls between 2007 and 2013 were evaluated. Only cases with cardiac arrest were included in the analysis (Figure 1 ). Cardiac arrest was defined as the absence of a palpable pulse, apnoea, and unresponsiveness. Documentation is standardised according to the Utstein style criteria 7 . Response time was defined as the time interval between the start of the emergency call and arrival of the CPR team at the scene. The call was prioritised to a cell phone handled by the ICU specialist in charge. There was no central switchboard to handle the call. This approach had been chosen to minimise any delay in alarm. Duration of calls was not recorded within this study.
The local ethics committee waived the need for informed consent and approved the study protocol. Data were collected prospectively in a database (Microsoft, Germany) using a static pdf form (Acrobat). This study is a retrospective database analysis with the use of SPSS Statistics, version 20.0.0 (IBM, Germany). Independent t-test; likelihood chisquare test, and exact Fisher chi-square test were used when appropriate.
Results
Between May 2007 and December 2013, 326,516 cases with a mean hospital length of stay (LOS) of 8.3 days were treated at the University Hospital of Leipzig. During this period we recorded 1,008 emergency calls, from which 484 patients needed CPR. Figure 1 shows the structure of the study. AEDs were used on 43 patients. Table 1 shows the baseline characteristics of the cohort. Baseline parameters did not show any difference between patients with and without AED use. None of the cardiac arrests was witnessed.
In patients with CPR the mean response time to arrival of the emergency team was 4.3 ± 4.0 minutes. We saw a trend towards a shorter response time from 2011 (4.0 ± 2.1 minutes 2011-2013, Figure 2 Outcome data are shown in Table 2 . There were no significant differences in outcome parameters between patient groups (CPR only and CPR with AED use). In only three cases out of 43 AED placements was a shock delivered. One of these patients died at the emergency site, the second patient died within 28 days, and the third patient survived conscious and alert with moderate disability, and was discharged home.
Of all 484 CPR cases, ROSC was seen in 178 patients (36.8%); 158 patients (32.6%) died at the emergency site. The 28-day mortality rate was 69.4% (n=336). One hundred and five patients (21.7%) were discharged home or to a rehabilitation hospital. At discharge, three patients had a Glasgow Outcome Scale (GOS) of 2, 20 patients had a GOS of 3, 14 patients had a GOS of 4, and 68 patients had a GOS of 5. Local ward sites, distances, corresponding response times and initial rhythm data are shown in Figure 3 .
Discussion
The rationale of providing in-hospital AED in remote locations is to guarantee the fastest possible shock 8 . Resuscitation guidelines emphasise the importance of early shock delivery with a minimal time delay. It has been shown that rapid defibrillation by bystanders in out-of-hospital cardiac arrest due to ventricular fibrillation improves survival. The highest survival rates were achieved when the interval from collapse to defibrillation was less than three minutes 9 . There is no doubt that immediate shock delivery is a key element in the treatment of patients with VF. However, findings from pre-hospital studies have been applied to the in-hospital setting, and current guidelines therefore recommend providing AEDs to permit a shock delivery within three minutes in hospitals 10 . This recommendation is based on assumptions rather than hard outcome data, and it must be asked whether the provision of AEDs necessarily leads to a reduction of the time-to-shock in hospitals 11 . A large cohort study of 11,695 patients after in-hospital cardiac arrest in 204 hospitals evaluated the association between AED use and survival and found no improvement of survival 6 . This finding was confirmed by other authors. Data from a Swedish cohort study showed that implementation of an AED structure in combination with a training program for providers did not improve survival after in-hospital CPR 11 . On the other hand, Spearpoint et al showed that the implementation of AED deployment led to an improvement of survival after in-hospital cardiac arrest 12 . Spearpoint et al implemented intensive one-day multi-professional training. The authors hypothesised that staff training as well as the introduction of a medical evaluation team (MET) would reduce the CPR incidences on normal wards 13 . However, we postulate that the efficacy of such programs, and in particular of AED, depends on local structures such as the availability of a MET and the distance from the ICU to normal wards. In our study we were able to show a significant decrease in response times after partial reconstruction of our University Hospital ( Figure  2 ) when the distance from the ICU where the emergency Figure 3 : Field structure and distances between local ward sites of the university hospital area and number of calls, AED use frequency, shocks delivered, and response times. Mean response time was 4.3 minutes. The majority of calls (n=376, 78%) came from the internal (internal-F, internal-G) and surgical departments (surgery-A, surgery-B). The base station of the emergency team is marked by the highlighted circle. There was no difference in the number of shockable rhythms. Departments and local wards are labelled using acronyms (dermatology, head, internal-G, internal-F, internal-amb., dialysis, surgery-A, surgery-B, gyn./paed.-C, gyn./paed.-E, "garden-house", psychiatry, palliative care, radiation, and miscellaneous).
team is situated to all internal wards was halved.
Further noticeable findings of our study are a low incidence of VF and pulseless VT (7.9% of all cardiac arrests) and consequently a low frequency of AED use (8.9%). Furthermore, the use of AED had no influence on survival or GOS at hospital discharge. As this is a retrospective analysis, results have to be interpreted with caution. Firstly, patients were not randomised for AED use, and a variety of factors influencing outcome remain uncontrolled. Secondly, we can only hypothesise about the reasons that led to the low frequency of AED use, but we assume that the rapid availability of our team was one important reason. However, we cannot exclude the possibility that inadequate training or the shortage of nursing staff on general wards remain relevant cofactors. Since the CPR team recognised a shockable rhythm in the initial ECG in 39 patients it has to be questioned why AED had not been applied and activated by the ward staff. It can be speculated that our training program is less intensive and therefore less effective when compared to other programs 12 . However, our concept has not been developed for study purposes and represents real-life conditions. It has to be discussed if a modification of the training concept might increase AED use. On the other hand we postulate that AED use depends on staffing of the wards especially in cases where only one single nurse is responsible for one ward. Germany is known to have a rather low density in practising nurses when compared to other developed countries 14 . The emergency call was a single call to the CPR team and included the call for AED. As a consequence of our results nurses are now trained to get help from nearby wards in such situations.
In contrast to our data, Bergum et al demonstrated 27% VF or VT in in-hospital cardiac arrest; this comes close to the findings of Sandroni et al with rates of 20-35% and of Wallmuller et al with 39% [15] [16] [17] . Our comparatively low frequency of these initial rhythms may be explained by a rather small cardiology department and the absence of cardiac surgery as well as by the fact that data from the cardiac catheterisation laboratory are not included.
Our data and the literature raise doubts as to the efficacy of in-hospital AED use, in particular if an emergency team is rapidly available. However, this is a retrospective study and results have to be interpreted with caution. In particular, we cannot determine exact conditions that put the usefulness of AED for in-hospital CPR into question.
Conclusion
In the presented study we demonstrated a low incidence of VF and VT in patients with cardiac arrest on general wards in a large University Hospital. Despite training and possibly caused by the rapid availability of the CPR team, AED use was infrequent and its use had no impact on survival or neurologic results after cardiac arrest. We therefore hypothesise that the efficacy of in-hospital AED is highly dependent on local conditions and may not be suitable for every hospital.
